By measuring the absolute value of the magnetic fi eld a nd t he frequcncy requ ircd for nuclear resonance absorption in a water sample, the gyro magnctic ratio of t hc proton has been d etermined to be 'Y p = (2.67528 ± 0.00006) X 10 4 sec-1 gauss-I. Us in g this valu c with P lanck's constant, the valu e of the magnetic momcnt of the proton in a bsolutc units becomes }1op = (1. 4100 ± 0.0002) X 10-23 dyne cm/gauss.
Introduction
Since the development of mol ecular beam [1] / nuclear indu ction [2] , and nuclear r esonance absorption [3, 4J techniques, considerable work has been done on Lhe determina tion of n llClear gyromagnetic ratio . From this ratio and the nuclear spin, the magnetic moment of the nucleus can be calculated.
The measurement of a gyromag ne tic ratio 'Y involves the measurement of the frequency, v, and magnetic field of induction B o r equired for r esonance as indicated by the condition for r esonance, w= 27rv = 'YBo. The comparison of either gyromagnetic ratio or magnetic momenLs requires only frequency determinations, and for Lhis reason much of the data on magnetic moments now available is of this type. A few direct measurem ents of gyromagnetic ratios in absolu te units have been made wit, h accuracies of the order of 0.5 percent, which is abou t the best that can be done with the ordinary techniques of measuring magnetic fields. In the experimen t reported here, the proton gyromagnetic ratio has been determined with much greater accuracy by using more elaborate methods of measuring the magnetic field and frequency. This precise measurem ent will allow previous relative determinations t o be recalculated in absolute units, and will also provide a convenient tandard of magnetic field for the measuremen t of other atomic constants.
I Figures in brackets ind icate-t he literature references at the end of thi s paper.
The nuclear absorption method of Purcell [3, 4] was used for detecting resonance, because the field involved lend it elf more r eadily to precise meas urement than tha t used in tbe molecular beam method , and the apparatus appeared somewha t simpler to construct than that employed by Bloch in the nuclear induction experiment.
Th e usc of a solenoid of known dimensions would provide the most accurately known magnetic fi eld, bu t this possibili ty was discarded, because th e maximum field available would only be of the order of 20 gausses. Th e signal -to-noise ratio b ecomes very low in such a weak field, and at the time this experiment wa planned no attempt had yet been made to \vork in this range. 2 An iron-cor:ed electromagnet with a r elatively strong field was used , whieh reduced the signalto -noise problem but required auxiliary apparatus for meas uring the field .
To measure the field, a Pellat electrod ynamometer [6J could be used but would require a large gap and a correspondingly large magnet. Th e method finally chosen is one similar to tha t previously described in the literature [7, ,9] for measuring magnetic fields. In this method one measures the force on a known length of wire carryin g a known current ili the magnetic field to be determined. A long rectangular co il i suspended ver tically from an an rlytical balance , Tbe recent s uccess of Drown and Purcell [5] in workillg in fields as low as 11 gausses now makes the solenoid method appear more attractive tban when the present work was und ertaken; as a means of eliminating systematic errors and possibly improving t he accuracy. it is important that tbe measm ements described bere be repeated witb t bis method . This is now being done.
with the lower end in the gap of the magnet. The vertical sides of the coil act as the connecting leads to the "force conductors", which are formed by the lower horizontal portion of the coil. The fringing field at the upper end of the coil may be reduced to a negligible value by means of Helmholtz coils. Figure 1 is a photograph of the over-all experimental setup showing the magnet, coil, balance, curren t measuring apparatus, and FIGURE 
General view of magnet, balance, and proton resonance equipment.
electronic equipment for regulating the magnet. and detecting the resonance absorption.
Since it is the average field over the region occupied by the force conductors that is measured by the force method, it is essential that the field distribution be precisely determined, and that the field in this region be reasonably unifOl;m . Then, from the value of the average field and the field distribution, one can determine the value of the field at the proton sample, which may be located just below the coil.
The value of the field was adjusted so that the resonance frequency would be 20 Mc, which can be heterodyned directly with the Bureau's radio station WWV for the frequency measurement.
II. Magnet Design
Since the method of field measurement employed requires a homogeneous field of cop siderable extent, quite large pole faces are required. This limits the maximum field intensity available if the magnet is to be held to a reasonable size and cost. For proton resonance at 20 Mc, the maxi-570 mum field must be about 5,000 gausses. The coil, being suspended from a balance, is quite sensitive to air currents, and for this reason particular care was used in the design of the magnet to insure that all exposed surfaces of the windings and pole face would be sufficiently close to room temperature to minimize the effect of thermal air currents. These considerations led to a magnet design shown in some detail in figure 2 .
Performance tests showed the magnet to operate satisfactorily up to 5,000 gausses; however, beyond this point the leakage fiux from the sides of the poles to the yoke was great enough to produce partial saturation of the yoke. At 5,000 gausses the magnet requires 6.7 amp at 150 v, and the temperature rise in the hottest point of the windings is 30° C with a water flow of 1.6 liters a minute. The time constant of the magnet is 2.7 sec.
While the yoke is operating near saturation at the maximum value of field, the usable portion of the pole faces is operating at only about 5,000 gausses, whi.ch is sufficiently low to insure a stable field distribution.
III. Nuclear Resonance Techniques
For the detection of the proton resonance absorption, a radio frequer.cy bridge similar to that used by Purcell and his collaborators [4] was constructed. This arrangement, however, had two serious drawbacks for this application. It was quite sensitive to microphonics so that it could not be easily used to probe the field for determining its distribution; and, since it shows the dispersion as well as the absorption, there would be greater uncertainty involved in determining the exact center of resonance. For these reasons, this method was finally rejected and a new amplitude bridge arrangement for detecting nuclear resonance was developed [10] . As its name implies, this bridge detects only amplitude changes in the radio-frequency voltage across the absorption coil and does not respond to phase changes. As a result, response to microphonic disturbances, which are largely reactive, is reduced by severa'! orders of ma.gnitude. Similarly, the reactive or dispersion component of the nuclear absorption signal is reduced to a negligible second-order correction, and only the resistive or absorption component is detected. Figure 3 shows the essential details of an amplitude bridge for operating at 20 Mc_ The proton sample is placed in L 1, which is tuned to resonance by 01 and fed from a radio-frequency generator through a r esistance, R1, much higher than the
The field is modulated locally a few t enths of a gauss by applying a 20-cj s voltage to the small H elmholtz coils located on either side of the sample. As the magnetic field passes through the value r equired for nuclear r esonan ce, the nuclear ab orption lowers the Q, causing the voltage across L l to change. This change in the amplitude of the radio-frequency voltage is detected by a diode detector, D 1, and the r esulting audio resonance signal can be amplified by a highgain audio amplifier and displayed on an oscilloscope. To eliminate noise and hum modulation present in the radio-frequency source, a capacitance voltage divider and diode r ectifying in the r everse phase to Dl are used and the outputs combined in an audio bridge network. Audio modulation in the radio frequency is thus balanced out, but the nuclear absorption signal, detected by only one diode, appears at the output r educed by a factor of two. Sufficient cancellation of the noise modulation is usually obtained by mer ely adjusting Proton resonance ljne detected with amplituqe bridge using crystal detectors.
The field intensity was 4,700 gausses •. and liue width is 0.3 gauss.
tungsten filament diodes, and being much lower for oxide-coated cathode or crystal diodes. The flicker noise of the oxide-coated diode is quite similar in magnitude and frequency distribution to the contact noise of the crystal diode, and at the low frequencies it predominates over shot and thermal noise. In spite of the higher noise figure, the crystal diodes work quite satisfactorily for detecting the relatively strong proton signal at fields above a few thousand gausses and were used exclus ively throughout this experiment because of the circuit simplicity gained by their use. Figure 4 shows a typical proton resonance line using a water sample with the relaxation time [2] TI adjusted with a dilute solution of ferric nitrate [4] . The line width shown in figure 4 is 0.3 gauss, and the field is 4,700 gausses. During the experiment the line width was somewhat less than this. A comparison of the sample used with oil samples containing no ferric nitrate indicated that the change in susceptibility of .the sample due to the ferric salt was not detectable and could not have caused an error of more than 4 parts per million in the final result.
IV. Magnet Regulator Employing Proton Resonance
Stabilization of the magnetic field was accomplished by using the signal from a resonance detector in a feedback circuit, as shown in figure  5 . If the field at the sample is modulated by an amount considerably less than the resonance line width as shown, the output signal is essentially sinusoidal, and its phase and amplitude depend upon the value of the steady field as indicated. After amplification in a narrow-band amplifier, the sinusoidal voltage from the resonance detector is mixed in the phase detector with a signal from the oscillator supplying the coils modulating the magnetic field . The outp~t of the phase detector is the d-c voltage shown m figure 5, which goes through zero as B passes through the value required for the center of the resonance line. This d-c voltage is applied to a power amplifier that excites the auxiliary regulating coils on the magnet. Hunting was eliminated by adding a large RC time constant to the output (tf" the phase detector. The main exciting coils were energized by storage batteries. Because of the large time constant of the magnet (2.7 sec), it is not necessary for the regulator to compensate for rapid fluctuations of exciter current.
The resonance detector used is the same as shown in figure 3 , and again watel' was used fol' the sample. Both the resonance probe for displaying the resonance line on the oscilloscope and the one for the regulator were excited from the same 20-Mc crystal oscillator. The frequency from this crystal oscillator varieclless than 1 part per million (ppm) after a 3-h1' warm-up period, as shown in figure 6 . This curve was checked a number of times by heterodyning with WWV and measuring the difference frequency. Figure 7 shows the circuit details of the magnet regulator. By observing the shift in the proton line from one probe, it was found that the regulaLor reduced the effect of a 2-percent change in 
V. Field Distribution
To shim the magnetic field and determine the field distribution, one resonance probe was used to regulate the magnetic field, and another resonance probe was mounted on a movable carriage so that it could be moved easily in the magnetic field while watching th e proton pip. As the field does not vary with time, variations in the field as a function of position could be observed as a shift in the position of the proton pip on the oscilloscope
. . screen. The oscilloscope sweep voltage wa obtained from the sinusoidal voltage appli ed to the field sweep coils located on either side of the ample (ee fig. 3 ) . This voltage was al 0 put through a peak-clipping and differentiating circuiL , and the resulting pulses mixed with th e r esonance signal so that vertical marking line would also appear on the scope. The shift of the resonance pip with chan ge in field could then b e observed relative to these markers with good pl'eci ion. In order to measure the distribution , another pail' of small H elmholtz eoils were mounted on the movable probe on either side of the sample, as shown in th e photograph of figure 8. These H elmholtz coils were calibrated by changing the radio frequency applied t.o the probe by a small known amount t.hat would shift the resonance pip off the marker line. The pip was then brought back into the original posi tion by sending a small current through Lhe Helmholtz coils. Then from in reading a calibrated audio oscillator that was estimated at 2 percent. The coil consLant for this method of calibration was then taken as [0.055 ± 5%] gauss/rna. The gap WDS shimmed by using 2-mil nickel sheets fastened to a brass plate clamped to one of the pole faces. As thinner shims were not immediately available, the gap initially was shimmed on only one side. This gave rise to a slight gradien t in the direction of the field , as may • 574 b e seen by the field distribution curves shown in figure 9 . Complete field plots were made on three different dates as indicated: before, during, and after the set of measurements were taken from which the gyromagnetic ratio was determined . In addition, frequent spot checks were made on the field distribution during the period when the absolute value of the field required for resonance was being obtained. The stability of the field distribution appeared very good, and no variation greater than that indicated in figure 9 was found. From the curves of figure 9, the average field over the region occupied by the bottom conductors of the force coil was found r elative to the value where the nuclear sample was located d. uring the absolute m easuremen t of the field. The average field 13 was found to be lower than the field at the sample Eo by 0.04 gauss.
As the reproducibility of adjusting to the center of the resonance lin e is a little leRs than 0.02 gauss, the uncertain ty in the calibration of the Helmholtz coils is negligible in comparison. Hence this field correction may be taken ttS (0.04 ±0.02) gauss.
The deviation of the magnetic fi eld from horizontal direction could contribute some error, but this was found to b e less than 1 ppm. It was experimentally determined that a lack of perfect alinement of the plane of the rectangular coil in the gap, that is, a slight rotation about its point of support, would also have a negligible effect.
VI. Theory of the Magnetic Balance
The general method employed in the measurement of the magnetic field has already been described briefly. A period of about 30 min is required to make a determination. The full accuracy of the method cannot be realized unless the field is held constant during this period. It has been shown elsewhere in this paper how the effect of nuclear resonance absorption itself has been used to satisfy this condition to a high degree of perfection.
In principle, the method is based on the fact that an element of conductor of length dl cm carrying current i cgs emu perpendicular to a magnetic field of induction B gauss experiences a force dF dynes directed at right angles both to itself and to the field that is given by the following relation, dF=iBdl.
As the force is measured in the vertical or y direction, the component of dl in the horizontal or x direction, dx, produces a force at the knife-edge of the balance. In order to arrive at the total force produced on a complete coil, it is n ecessary to integTate eq lover all its elements, as indicated below.
The curr ent, i, being everywhere the same in the circuit, the integration can be carried out numerically fTom the Tesults of measuremen ts on the width of the coil at various ver tical or y positions, together with a measure of the field B(x, y) at these vertical positions.
We may define the effective wid th of this coil when u ed as described with thi s particular magnet by the relationship x=l r . B(x, y)dx.
The value of X thus defined would be considerably affected by the stray field at the top wires of the coil ; however, this field has been neutralized by the large If elmhol tz coils d escribed previously. A photograph of the completed coil is shown in figure 10 . The nominal dimensions of the plate glass form are shown in figur e 11 . The coil has nine tm'ns of wire that lie in grooves formed around the edge of the plate. The wires pass around the s id es and bottom of the plate parallel to the edge of the glass and cross over to the next groove at the top. The horizontal strip es shown are silk ties t hat bind the wires and prevent accidental lateral displacement. The method of forming the grooves on the edges of the glass was similar to that devised by Moon [11] . The manner of supporting the form during lapping is shown in figure 12 . The steel bar to which the plate is secured wa s annealed and ground parallel on the opposite faces. In addition to holding the glass, the ed ges of the bar were used to restrain the motion of the lapping tool to a straight line . The dept h of lapping was controlled by adjusting t he height of the lap r elative to the edge of the bal'. The assembly was rotated for alternate lapping on the two sides of the form. This procedure assured the same form of grooves on both sides. Grooves were worked around the corners and bottom by hand, using the flat side of the steel bar to k eep t he grooves in alinement. On completion, the over-all width of the coil form was practically as uniform as that of the bar.
I t was convenient to place the wire on the form while the latter was securely fastened to the steel bar. Cdpper wire of the oxygen-free variety was drawn down through a number of dies from 1 mm to about 0.56 mm. The last drawing was carried out in a hallway in one straight piece and was wound directly onto the form wit hout coming into contact with anything but the glass . A steady tension of 5 lb was h eld on the wire during winding. Current leads are brough t out centrally at the top of the coil, and potential leads are fastened at the extrem e ends of the winding n ear t he edges of the plate.
VIII. Measurement of the Coil
Two measurements are necessary to get the distance between t he central filaments of the wires: t he over-all width of t he coil an d the mean diameter of t he wire.
The coil was arranged for measurement in a temperature-controlled cabinet, as shown in figure   13 . In this setup the width of each turn could be measured at various vertical positions. Measurements wer e made relative to Johannson gage 576 blocks by m eans of a mo tor-driven micrometer devised by Moon [12) . This micrometer was provided with gear to bring it into position for each reading without having to enter th e cabinet. Provisions were made for all essential adjustments of microm eter, coil, and end standard from th e outside. R eadings of th e micrometer were estimated to 0.1 J1. and would repeat to about 0.2 J1.. The temperature of th e end standard was ascertained from r eadings taken on an attached thermocouple, and that of th e coil was gathered from thermometers plastered to it in several places. Most of the readings were tak en at a nominal temperature of 25° C, but the coil was measured in several places at 29° and 33° C, making it possible to correct for the eff ect of temperature on the wid th.
The r esistance of the winding was establish ed at a known temperature. This was of use later when making corrections to the force on account of th e expansion of the coil . The resistance of the coil was used as a m easure of its temperature.
R es ults of m easuremen ts on the coil are shown in table 1, a . The result shown for each vertical posi tion is the m ean of the nine wires. : Measure,.. ----------------Average __ 0.5622 0.5624 0.5624 0.5623 0.5624 0.5624 0.5624 ments in the range 0 to 7.6 cm were made wiLh less accuracy than those above 7.6 cm. Thp field is so nearly uniform over this part of the coil that the error committed on thi account is of no consequence. B etween 7.6 cm and 15.6 cm , measurements were made wi th the greatest care. Beginning at 7.0 cm th e silk ties were spaced 1.0 cm on centers. Entries in table 1, a, COlTe ponding to more than one vertical distance between consecutive ties (9.5,9.6, and 9.9 em, for example), give an idea of the bulging of th e wire . The method of m easuring the diameLel' of the wire was similar to that used on the over-all width of the coil. The wire was hung vertically from a rotatable head and was loaded with a weigh t equal to the winding tension . Measurements were made on the wire by comparison with a gage block of the sam e nominal ize by m ean of a precision micrometer. The mi crometer could be raised relative to the wire for m easurem ents in different positions along the sample. An attempt to obtain the diameter of the wire parallel to the plane of the coil from meas urem ents on samples tal;;:cn from the ends of the windings r es ulted in an uncertainty of ± 0.0004 cm on account of lack of roundness in the wire. This uncertainty was r emoved later by meas urem ents made on samples cut from both sides of each turn of the winding. It was found possible to mark the orientation of each sample before it was cut from its r e pective turn and to retain this marking during the diameter measurement. R es ults of these m easurement are shown in table 1, b. As it turned out, the mean diameter of the wire parallel to th e plane of the coil obtained in this way differed from the m ean of all diameters obtained from the end samples by only 0.5 J.i. .
IX. The Distributed Field of the Electromagnet
The necessity o(a knowledge of the normal component of the field over the r egion the coil occupies has been pointed out. This is not needed with much accuracy except over the lower part of the coil where the width changes rapidly. As previously described, the pole faces of the electromagnet wer e shimmed by trial wi th thin sh eets of nickel to give essential uniformity over th e bottom wires. The r egion over the bottom wires and up to a vertical distance of 7.0 cm was explored with a second movable proton resonance h ead, th e first head being used to hold the field constant at a fixed point. Above 7.0 em the field was not sufficiently uniform to get a recognizable resonance pip. The region above 7.0 em was mapped with a device consisting of a small coil rotated by the shaft of a synchronous motor at 1,800 rpm. The emf generated in the coil at the various vertical positions was commutated and measured on a potentiometer. Significant differences from the value at the bottom wires of the coil began at about 5.0 cm. The value of the field at the upper wires was about 3 gausses; this was neutralized to ± 0.02 gauss by means of Helmholtz coils. Indication of neutrality was by a delicately suspended magnet in the neighborhood of the wires. The values of the field at various vertical positions relative to the value Br at some reference point within the magnet gap are shown in table 2.
X. Evaluation of the Factor X
The factor X has been defined as the effective width ot the coil. In terms of the reference value B T used in table 2, eq 3 may be rewritten X= (BiB) f[B(x, y) jB rldx. The above integral is evaluated numerically, as illustrated in table 3, based on the data in tables 1 and 2. The reference point was so chosen that within the experimental accuracy B r= B. From y = O to y = 7 cm this could be determined with the resonance head; for the points beyond 7 cm, the reference point was obtained by locating the rotating coil at the normal position of the "force conductors" of the rectangular coil. It should be pointed out that the value of the field indicated in table 3 is the mean value taken over the interval t:.y. As it affects the final result, the uncertainty in the evaluation of X can be properly divided into three parts having the following outer limits of error: width measurement 10 ppm, calibration of length standard 5 ppm, and field distribution 10 ppm. ._ ._--------------------------------, given for B (x ,y) 
XL Electrical Measurements
The electrical circuit of the magnetic balance is shown in figure 14 . The current was held constant to about 1 ppm by manual adjustment of the series resistance to keep the potential drop produced in the 10-ohm standard equal to the emf of a standard cell, as indicated by galvanometer G.
The standard r esistor was submerged in a thermostated and stirred oil bath. The standard cell was maintained at a constant temperature in another thermostated bath. On disconnecting the storage battery and standard cell and closing the galvanometer circuit, no thermal emf was found of any appreciable magnitude. The error in the value of the current on account of the standards was not more than 3 ppm.
The resistance of the coil while carrying current was ascertained by comparing the potential across it with that across a standard resistance of 1 ohm carrying the same current as shown in figure 14 . 
~ .l..B(x,y)M-= 10 .oolO8 Br
In this way it was easy to find the resistance of the coil to 0.0001 ohm, allowing its temperature to be estimated to 0.1 deg C. The resistance 'of the coil at a known temperature was measured by means of a Mueller bridge at the time it was mounted in the temperature-controlled cabinet for the width measurement. This resistance was 1.1006 ohms at 25° C.
XII. Measurement of the Force
The force produced on the current-carrying:coil was evaluated by comparison with the action ·, ' of gravity upon a known mass that was placed upon the scalepan of the balance when the !current was d I h .
~I reverse. n case t e compan son was not : exact, a small correction was mad e to the mass in terms of the sensitivity of the balance, s, and the change in rest point of the balance, o. Reversing the current in the coil has several advantages: itl' keeps the heating of the coil constant, thereby helping to maintain th e dead weight of the coil constant; it corrects for any l ateral shift in the current; it corrects for attractive effects of the coil or other parts attached to the movable parts of the balance; and it doubles the observed force. Remembering the reversal of current and denoting the mass of the removable weight by m, and the acceleration of gravity by g, a working formula for the field B is given by
where a is the coefficient of thermal expansion of the coil, and t is its temperature. In practice the current I has some fixed value according to the standards selected, and the magnetic field has some value consistent with the radio frequency applied to the proton probe to produce resonance; therefore, the mass, m, had to be adjusted by trial to a point where the correction, so, was so small that the uncertainty in the sensitivity of the balance did not cause more than a tolerable error in the force. This mass, which is in the form of a cylinder, was then turned over to the Mass Section of the Bureau for standardization. A correction was made for the weight of displaced ail' to get the effective weight of the cylinder. Turning points of the 2-kg Rueprecht balance were indicated by a spot of light reflected onto a glass scale from a mirror on the balance beam. The effective pointer length was 5.0 m. The dead load on the balance was 1,500 g. The change in weight on reversing the current was about 9.0 g. The sensitivity of the system was such that 1 mm on the scale corresponded to 1 part in 60,000 of the change in force. The turning points were estimated to 1/10 mm. The rest point, as estimated from averaging five turning points on one side and four on the other, would ordinarily be accurate to less than 1/10 mm; in this application there were fluctuations in the swings of the balance caused by varying air currents and building vibration, and perhaps slight variations in the average magnetic field that increase the uncertainty of a given rest point to several tenths of a millimeter. By taking the rest point about 10 times in a given run with the weight alternately off and on the scalepan, the fluctuations are averaged out giving the mean value of the difference in rest points, 0, accurate to about 5/10 mm.
XIII. Gyromagnetic Ratio of the Proton
The results of the measurements through January 7, 1949 , are summarized in table 4. Many spot checks were made during these runs, which indicated that the field distribution was remaining remarkably constant. Subsequently, when the field was shimmed symmetrically with thinner shim stock, measurable variations in the distribution with time were noted. Therefore, in taking the data of table 5 with symmetrical shims, the field distribution was plotted immediately before and after the measurement of B with the balance. Likewise, a new mass constructed of platinum-iridium was used on the balance for these readings. These results, obtained about 5 months later, are practically identical with the earlier ones. Considering all the runs, the average deviation is approximately 10 ppm.
It will be noticed that the acceleration of gravity 9 appears in eq 5. The uncertainty [13] in this is taken as 5 pplll . The acceleration of gravity also arises in the absolute determination of the ampere [14] . Thus the curren t may be written
where k is an experimental constant known to 10 ppm, to which must be added an error of 3 ppm arising in the comparison of the current used in this experiment with the standards, and gl is the value of the acceleration of gravity used in the measurement of the ampere. SUbstituting eq 6 into eq 5
Letting (8) represent the ratio of the acceleration of gravity at the location of this experiment to that used in the determination of the ampere, eq 7 becomes
The advantage in this approach is that the quantity hg~ is known to approximately 2.5 ppm, whereas the acceleration of gravity is known only to 5 ppm. The value of the acceleration of gravity gl used in this experiment was 980.08 cm/sec 2, which was obtain ed along with h from a gravity survey made at this Bureau in 1948 by the Geological Survey. This is slightly differ ent from the value given by Ourtis [15] . times the corresponding probable error. If the diamagnetic correction [16] , which was not included in the preliminary result [17] , is applied to the above value one obtains /, p= (2. 67528 ± O.00006 ) X 10 4 sec-I gauss-I.
The known contributing errors listed in the tabulation below were estimated conservatively. The square root of the sum of their squares results in an uncertainty of 22 ppm in the gyromagnetic ratio of the proton . The result can be stated as /,p = (2.67523 ± 0.00006) X I0 4 sec-1 gauss-1 uncorrect ed for the diamagnetic effect of the orbital electron. The stated errol' is thought to be several The magnetic momen t of the proton is known less accurately than the gyromagn etic ratio because of the u.lCertainty in the value of Planck's constant h. Using a value [18] 
XIV. Comparison With Other Measurements
Gardner and Purcell [19] have just completed a measurement of the ratio of the precession frequency of the proton, w= "( pBo, to the cyclotron frequency, we= eBolm, of a free electron in the same magnetic field . After making the diamagnetic correction, they give for the ratio wlw.= (1.52100 ± 0.00002) X I0-3 • This ratio is the magnetic moment of the proton in Bohr magnetons and agrees very well with the value ,up = (l.52106 ± 0.00007 ) X 10-3 Bohr magneton obtained by Taub and Kusch [20] . These values of ,up may be combined with the value of the gyromagnetic ratio of the proton to give a value of elm. ln this calculation it is preferable to use the value of Gardner and Purcell because of its greater accuracy and because the electron moment correction is not involved. This value of elm becomes e!m= ,,(p.w./w= (l.75890±0 .00005 ) X I0+7 emu gram-I . This differs only slightly from the previously published value [21] , which was obtained by combining our preliminary value of "(v and the measurement of Taub and Kusch. Figure 15 shows the new value of elm as compared with other experimental and recommended values summarized by DuMond and Cohen [18] .
The value of the gyromagnetic ratio of the pro- been used in determining the Faraday [22] in which excellent agreement with the iodine voltameter was obtained.
